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• Introduction, Process of signal transduction 
• GPCR  Figs. from『新薬理学入門』 
– Adrenaline receptors 
– Vascular smooth muscle contraction  
• Ion channels 
– K+, Ca2+ channels 
– Receptor-ion channel interaction 
– K + channel opener 
– Hyperpolarization-relaxation coupling 
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The concept & Process of signal transduction 
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GPCRs as an illustration of F. Jacob’s idea ‘evolution is molecular 
tinkering’. EMBO J 1999;18:1723-29. molecular tinker; le bricolage 
le bricolage 
evolutionary success of GPCR 
Bockaert J and Pin JP: The EMBO Journal Vol. 18, 
pp. 1723-1729, 1999 
 
(A) GPCRs have a central common core made of 
seven transmembrane helices (TM-I to -VII) 
connected by three intracellular (i1, i2, i3) and three 
extracellular (e1, e2, e3) loops. The diversity of 
messages which activate those receptors is an 
illustration of their evolutionary success. 
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β2 AR & Adrenaline  
Illustration of the central core 
of rhodopsin-like GPCR. The 
core is viewed from the cytoplasm. 
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G proteins＝transducers（図2-6）  
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cholera toxin: Gs , ADP ribosylation.  Excess cAMP, diarrhea 
pertussis toxin: Gi, ADP ribosylation. Inhibition of transduction 
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abbreviation 
AC: adenylyl cyclase  
AR: adrenergic receptor 
CA: catecholamine 
GIRK: G-protein-activated inwardly 
rectifying potassium channel; e.g. KACh 
GPCR: G-protein-coupled receptor 
MAPK: mitogen-activated protein kinase  
N-type Ca2+↓: N-type Ca2+ channel inhibition 
PLA2, PLC, phospholipases A2, C 
  
 
Phylogeny of catecholamine receptors 
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COLUMN 2 
Molecular signal mechanisms of contraction 
of vascular smooth muscle 
『新薬理学入門 第3版』 p.51 図２－２４ 
Abbreviation 
VOC: voltage-dependent Ca2+ channel (Cav) 
ROC: receptor-dependent Ca2+ channel 
PKC: protein kinase C 
RhoK: rho (small G protein) kinase 
MLCK: myosin light chain kinase 
DG: diacylglycerol 
IP3: inositol 1,4,5-trisphosphate 
SR: sarcoplasmic reticulum 
 
ion channels 
•Introduction 
•Evolution 
•Ca2 + channels 
 Ca antagonist (Ca channel blocker) 
•K+ channels 
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図２－５ 
Possible Origins of Channel Families  
Presumed evolutionary descent of modem ion channels in 
animals. Several families can be traced directly to 
prokaryotic ancestors, but for some, the ancestral proteins 
are not identified. The descendants of K channels are 
distinguished according to the number of transmembrane 
(TM) segments. Abbreviations: ABC, ATP-binding-cassette 
transporters; PPBP, periplasmic binding proteins.  Hille 3rd 
Ed., Fig. 22.13 
Nothing in biology makes sense except in light of evolution. 
(Dobzhansky) 
COLUMN 1、Hille, 2001 
The VGL-Chanome;  
7 families;  
143 members 
Science’s STKE 253:re15, 1-15, 2004 
Molecular phylogenity of Cav channel 表２-１ 
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The historical view. Potassium channels, key controllers 
of resting and action potentials (A) 
Clay Armstrong: Science 1998 280: 56-57. 
Transporters 、K+ recycling 
Gastric parietal cell, HCl secretion 
K+ channel,  p.192 (図7-1) 
Renal tubular cell, Na-K-2Cl, K+ recycling 
K+ channel,  p.175 (図5-6) 
Bartter’s syndrome (antenatal Bartter syndrome, hyperprostaglandin E syndrome) is an electrolyte 
disorder that has now been recognized to be caused by mutations in at least three transport proteins responsible for 
NaCl absorption in the loop of Henle. Besides mutations in the Na+/K+/2Cl-cotransporter, Bartter’s syndrome can 
also be caused by mutations in the K channel that is present in the apical membrane of the ascending limb (ROMK 
or KIR1.1). This K channel is a K recycling pathway and its operation is a prerequisite for NaCl absorption through 
NKCC2. Clinically, Bartter syndromes types I and II are indistinguishable. In contrast, a milder form of Bartter’s 
syndrome is caused by mutations in the basolateral chloride channel (ClC-Kb), an exit pathway for cellular Cl. 
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Naunyn-Schmied. Arch. Pharmacol. 1992;346:691-700. 
Biochem. Biophys. Res. Commun. 1992;187:1517-22. 
K+ channel opener inhibits IP3 generation & Ca
2+ release from SR by 
a thromboxane A2 analogue. Hyperpolarization-relaxation coupling 
Molecular signal mechanisms of contraction 
of vascular smooth muscle 
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90mM KCl makes depolarization (Vm≒－10mV, 60Xlog[90/150]) 
Influences of K+ channel blockers on levcromakalim-
induced reduction of [Ca2+]i and contractile force  
0 
20 
40 
60 
80 
100 
120 
140 
160 
180 
Levcromakalim 
     Glibenclamide IbTX TEA Control 
[C
a
 
  
   
] i
    
 o
r 
 F
o
rc
e
 (
%
) 
 
 
2
+
 
020
40
60
80
[Ca     ]o   (mM)
2+
F
o
rc
e
 (
%
)
b
-20
100
0 0.1 0.3 1 2.5 10
**
**
**
*
*
*
*
[C
a
  
  
 ]
i 
 (
%
)
2
+
a
-60
-40
-20
0
20
40
60
80
100
*
*
*
*
Influences of 
changing 
extracellular Ca2+ 
concentration 
([Ca2+]o) on [Ca
2+]i 
and force in the 
presence (circle) or 
absence (square) 
of serotonin. 
Levcromakalim 
(closed) was 
applied 5 min 
before the 
application of 
serotonin. 
Relationship 
between [Ca2+]i 
and force of 
contraction 
induced by 
serotonin ( 10-6.5 
M) in the absence 
(○) and presence 
of levcromakalim 
( 10-5.5 M,  ●) or 
nicardipine (■). 
-60 -40 -20 0 20 40 60 80
0
10
20
30
40
50
60
70
80
90
[Ca     ]i  (%)
2+
c
-10
100
F
o
rc
e
 (
%
)
0
0.1
0.3
1.0
2.5
10
0 0.1
0.3
1.0
2.5
10
***
10-6.5 M 
10-5.5 M 
Ca sensitivity ↓ 
KCl depolarization revisited.  
Yanagisawa T & Okada Y: Am J Physiol 1994;267:H614-621. 
90K-0Ca 
KCl depolarization revisit.  
Am J Physiol 1994;267: H614-621. 
Slow relaxation 
Eliminating Ca2+ influx by 2 ways 
Effects of eliminating Ca2+ influx by repolarization (○) or removal of 
extracellular Ca2+ concentration ( 0 Ca, [Ca2+]o;●) on increased 
intracellular Ca2+ concentration ( [Ca2+]i) and force in depolarized canine 
coronary arterial muscles loaded with fura 2. 
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KCl depolarization as a calcium-sensitizing stimulus.  
modified from Ratz PH et al. AJP 2005;288:C769-C783. 
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Relaxation mechanisms of K+ channel openers 
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Summary 
• Molecular mechanisms of intracellular signaling 
• Interaction of receptors & ion channels 
• K+ & Ca2+ channels in vascular smooth muscle 
– Agonist-induced contraction 
– Autoregulation of blood flow 
– Hypoxic pulmonary vasoconstriction 
– K+ channel openers; Nicorandil (NK hybrid) 
• Hyperpolarization-relaxation coupling 
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設問（４） Please explain the result obtained from canine 
coronary arterial smooth muscle loaded with fura-2 (a 
[Ca2+]i indicator). U46619: thromboxane A2 analogue 
(Vm≒－10mV, 60Xlog[90/150]) 
基礎医学３ 20120531 
イオンチャネルと受容体の分子薬理学 
Pharmacology of ion channels & receptors 
• 情報伝達signal transductionの基本課程 
• Gタンパク質共役型受容体GPCR 
• カテコールアミン受容体タイプの分類と性質
catecholamine receptors  
• 膜輸送タンパク質transporters の分類 
• イオンチャネル ionic channels 
• イオンチャネル・受容体相互作用receptor-
ion channel interaction 
  
分子薬理学分野 柳澤輝行 

